


TARGETS FOR ANTIBIOTICS



Common mechanism for cell death induced by bactericidal
antibiotics (beta-lactams, aminoglycosides, quinolones)

Antibiotics binds to their targets and
this also interfere with the general
metabolisme including the TCA cyclus,
leading to reduced production of
NADH and therefore increase of
oxygen radicals (superoxide, peroxide)
which react with Fe?*->Fe** leading to
OH: (hydroxylradical) formation and
subsequent death of the bacterial cells
due to damage on DNA, protein and
lipids. (Wright. Cell 130:781; 2007.
Kohanski. Cell 130:797; 2007)






(Alhede, M. Kragh, K.N., , M., Qvortrup, K., Allesen-Holm, M., van Gennip, M.., Christensen, L.D., Jensen, P.@., Nielsen,
A K., Parsek, M., Wozniak, D., Molin, S., Tolker-Nielsen, T., Hgiby, N., Givskov, M., Bjarnsholt, T.: Phenotype of non-
attached Pseudomonas aeruginosa aggregates resemble surface attached biofilm. PLoS ONE. 6 (11):2011.)









Synergism — or additive
effect — of:

colistin and ciprofloxacin
and of

colistin and tetracycline
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Fig. 3. Antibiotic pharmacodynamics. The graph is a representa-

tive concentration-versus-time curve of an antibiotic in the com-
partment of interest (in this case, the lungs). After inhalation, the
level is very high, then falls due to absorption into the bloodstream
or elimination through airway clearance. g-lactam antibiotics dem-
onstrate time-dependent killing (the longer the time above the
minimum inhibitory concentration [MIC] of the bactenia, the better).
Aminoglycosides and fluoroquinolones demonstrate concentration-
dependent killing (a high ratio of average maximum serum concen-
tration to MIC or area-under-the-curve [AUC] to MIC work best).
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FIG. 4. Pharmacokinetics in mouse serum of colistin and imipenem
versus MIC, MBC, MBIC, and MBEC of P. aengginosa PAO165307. 1,
16 mg/kg of colistin; @, 64 mg/kg of imipenem with one-dose intraper-
itoneal administration.






Biofilm (B) — Planktonic (P) antimicrobial resistance
mechanisms
e Stationary phase physiology, low oxygen — slow growth (B)
* Mutations — hypermutators (B, P)
* Beta-lactamase, penetration barrier, alginate, binding to matrix (B, P)
* Tolerance, adaptive resistance, efflux pumps (B, P)
* Persisters (B, P)
e High cell density — Quorum sensing (B, P)
(Heiby, N., Bjarnsholt,T., Givskov, M., Molin, S., Ciofu, O.: Antibiotic resistance

of bacterial biofilms. International Journal of Antimicrobial Agents 35:322-32;
2010)
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Mutation frequencies in biofilm

Mutation freq. | 8oxodG/10°dG
(rifampicin)
PAOI 1XxE” 22.26
planktonic
PAOI 2.5xE TS

biofilm

(Mandsberg,L. 2004)




Mutators are more resistant to antibiotics than non-mutators

(Oliver, Science 2000;288:1251)

black: Hp CF, grey: nhpCF, white: non-CF
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The role of stable derepressed f3-
lactamase in biofilms






The influence of p-lactamase levels for
the treatment of biofilms

Basal levels Induced levels

P.a. ampD 1050 mU 4255 mU

P.a. ampD* 3 mU 175 mU
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(Bjarnsholt et al: Garlic blocks quorum sensing and promotes rapid clearing of pulmonary Pseudomonas
aeruginosa infections. Microbiology 151:3873-3880;2005)






Biofilm (B) — Planktonic (P) antimicrobial resistance
mechanisms
e Stationary phase physiology, low oxygen — slow growth (B)
* Mutations — hypermutators (B, P)
* Beta-lactamase, penetration barrier, alginate, binding to matrix (B, P)
* Tolerance, adaptive resistance, efflux pumps (B, P)
* Persisters (B, P)
e High cell density — Quorum sensing (B, P)
(Heiby, N., Bjarnsholt,T., Givskov, M., Molin, S., Ciofu, O.: Antibiotic resistance

of bacterial biofilms. International Journal of Antimicrobial Agents 35:322-32;
2010)






